This paper offers a demographic treatment of density data acquired between 1977 and 1978 for Rumex obtusifolius L. in grazed grasslands near Sendai city, northeastern Japan. The population density rapidly increased in late spring and summer, and decreased appreciably in autumn ( Fig. 1 ), but the fluctuations in population density were small in comparison with the large number of individuals lost and gained. There was no positive relationship between recruitment and mortality during the study period (Fig. 2) .
Introduction
Rumex obtusifolius is economically serious because the species rapidly establishes its stands in pasture, where it is unpalatable to livestock and is difficult to eradicate3,4). A knowledge of the population biology of this species is an essential prerequisite to its con- There has been a considerable number of studies on population dynamics of specific plant species growing under an environment of higher stability and predictability in abiotic and biotic factors7, 13, 16 
Results

Density
The change in total number of individuals of R. obtusifolius in each plot is shown in 
Recruitment and mortality
The biweekly recruitment and mortality (number of recruitments and deaths) in plots is shown in Fig. 2-b . In order to estimate the influence of the presence of associated species on the population flux of R. obtusifolius, crop growth rate (CGR, g/m2/day) of sown species is also given in Fig. 2 ( Fig. 3-a) . However, recruitment was recorded even in late autumn. The greatest mortality occurred in the period of very high rainfall (Figs. 2-b and 3-a) . In this period, the CGR of the sown species declined drastically ( Fig.   2-a) , and grazing by cattle was done at the same calculated stocking rate as that in April, June and July (Fig. 3-b) . There was considerable variation in mortality among the cohorts, and there was particular disadvantage to a seedling which had emerged in July (Fig. 4) . The number of individuals surviving during the period of observation was relatively high in the cohorts emerging earlier in the season as compared with those emerging later in the season (Fig.  5 ).
Survivorship curves
Survivorship for each cohort is presented in Fig. 6 . The proportional survival of seed- In most badly managed pasture, therefore, R. obtusifolius has a higher probability of successful establishment than other species, so that habitats such as pastures and meadows which are roughly trimmed or weeded are overwhelmingly dominated by this species12).
The present study indicated that the seeds of R. obtusifolius could germinate every month except for winter, and that most newly emerged seedlings were observed during early May to late July (Fig. 2-b) , though the largest emergence group was observed in July. Survival chances of the cohort emerging earlier and later in the season, however, were apparently increased as compared with those emerging in July. During the initial rosette phase (prior to production of a long stout rootstock), the churning action due to trampling of cattle during grazing might reduce the chances of survival of newly emerged seedlings13).
In general, both competition and moisture stress are major factors leading to seedling mortalitys,10,13), but in the case of R. obtusifolius in pasture the moisture of the soil is probably an indirect factor, because in a damp area seedlings are easily killed by sinking into the soil, or by being lopped off by the severe trampling of cattle. In a damp area on an inclined plane such as this study area, in particular, the mortality risk is higher than that on a flat plane.
According to observations in this study, in practice, the high mortality of cohorts emerging in July was largely due to the consolidation of grazing cattle in September, and indirectly due to a heavy rainfall during this period ( Fig. 3-a) . But the seedlings in each cohort suffered a similar pattern of mortality through the winter months, thus the difference in mortality of the cohorts became gradually less with increasing age (Fig. 4) .
The data obtained here suggested that for seedlings of R. obtusifolius the probability of survival depends on spatial and temporal heterogeneity. Thus, in pasture the extent and mode of colonization success will be prescribed in part by the diversity of life history strategies of both the invader and the sown species.
